Background The reason for the association of increased risk of death with fenoterol in patients with asthma in New Zealand is unknown but may relate to its cardiovascular effects. Most deaths from asthma occur outside hospital, where hypoxaemia is likely to be a complicating factor. The cardiovascular effects of fenoterol have been investigated therefore under conditions of normoxaemia and hypoxaemia. Method Eight healthy men were studied on two occasions. Measurements of heart rate, blood pressure, total electromechanical systole (QS2I), electrocardiographic QTc interval, cardiac index, stroke volume, and ejection fraction were made under conditions of normoxaemia and hypoxaemia (arterial oxygen saturation 90%) before and after administration of 800 pg of fenoterol by a metered dose inhaler. The order in which treatments were applied was according to a Latin square design. Results Before inhalation of fenoterol hypoxaemia was associated with a sig-
Background The reason for the association of increased risk of death with fenoterol in patients with asthma in New Zealand is unknown but may relate to its cardiovascular effects. Most deaths from asthma occur outside hospital, where hypoxaemia is likely to be a complicating factor. The cardiovascular effects of fenoterol have been investigated therefore under conditions of normoxaemia and hypoxaemia. Method Eight healthy men were studied on two occasions. Measurements of heart rate, blood pressure, total electromechanical systole (QS2I), electrocardiographic QTc interval, cardiac index, stroke volume, and ejection fraction were made under conditions of normoxaemia and hypoxaemia (arterial oxygen saturation 90%) before and after administration of 800 pg of fenoterol by a metered dose inhaler. The order in which treatments were applied was according to a Latin square design. Results Before inhalation of fenoterol hypoxaemia was associated with a significant increase in heart rate (8 beats/ min) and QTc interval (15-6 ms) . Under conditions of normoxaemia fenoterol caused a significant increase in heart rate (14-3 beats/min), systolic blood pressure (7 7 Most deaths from asthma occur outside hospital, in circumstances in which patients are likely to suffer from hypoxaemia, which can affect the cardiovascular system adversely.7
Initially hypoxaemia causes an increase in heart rate and cardiac output with no change in stroke volume,8 but with more severe hypoxaemia (arterial oxygen tension (Pao2) around 40 mm Hg; 5 3 kPa) there is a pronounced increase in heart rate, stroke volume, and cardiac output. 9 Collins et al°showed that the cardiotoxicity of isoprenaline was potentiated when the drug was administered to dogs under conditions of hypoxaemia. Studies in man have shown that the chronotropic response to salbutamol is increased in hypoxaemia." The effects of hypoxaemia on the cardiovascular activity of fenoterol therefore need to be investigated. As it would be difficult to study patients with severe asthma, the study was carried out in eight normal men.
Methods

SUBJECTS
We studied eight healthy, non-smoking male volunteers, aged 27-44 years. All had a normal resting electrocardiogram (ECG). None was taking any medication. The study design was approved by the research ethical committee of the Wellington Area Health Board, and each subject gave written informed consent. Subjects' height and weight were measured for calculation of the cardiac index.
INVESTIGATIONS AND PROTOCOL
Subjects attended the laboratory after fasting on two occasions. They rested supine and breathed air through a non-rebreathing anaesthetic circuit and closely fitting face mask. After 10 minutes baseline recordings of electromechanical systole (QS2) a high speed surface ECG, blood pressure and two dimensional echocardiogram were recorded. The subjects then breathed room air to maintain normal arterial oxygen saturation (Sao2) or an appropriately adjusted nitrogen-oxygen gas mixture to maintain an Sao2 of 90%. The Sao2 was measured continuously by pulse oximetry.
The order of treatment-that is, whether room air or the hypoxic gas mixture was applied first-was randomised according to a Latin square design and was single blind to the subject. After a further 10 minutes all recordings were repeated.
The subject then inhaled four puffs (800 sg) of fenoterol from a metered dose inhaler via a spacing device. Further recordings were made after a further 15 to 30 minutes while the subjects breathed room air or the low oxygen concentration gas mixture. End tidal carbon dioxide tension (Pco2) was monitored continuously at the mouth with an infrared analyser (Datex Normocap).
Electromechanical systole (QS2) was measured from high speed photographic recordings of the ECG and phonocardiogram as described.'2 QS2 was corrected for heart rate (QS2I) by using an equation developed in our laboratory.'3 The QT interval was measured from the ECG'2 and corrected for heart rate (QTc) by using the Bazett formula. ' 
Results
There were no significant differences between the subjects' baseline measurements on the two study days. The echocardiographic data represent those of seven subjects as recordings in one subject were inadequate on one study day.
The change from baseline for heart rate, blood pressure, QS2I, and QTc are shown in In our study hypoxaemia had no effect on any of the contractile indices, such as QS2I, a sensitive indicator of a positive inotropic effect,22 or the velocity of circumferential shortening, suggesting that the small increase in cardiac index is more likely to be related to changes in loading than to be a direct inotropic effect. The lack of an inotropic effect after hypoxaemia or the combination of fenoterol and hypoxaemia may be due to the mild degree of hypoxaemia attained in this study;22 alternatively, it could be due to the fact that the recordings after hypoxaemia were performed when the subjects had become restabilised as the maximum cardiovascular effects during hypoxaemia occur by five minutes.
The effect ofhypoxaemia on the QTc interval in our study has not been reported elsewhere. We are unsure of the underlying mechanism but it is unlikely to be due to increased sympathetic outflow at the arterial oxygen saturation seen in the study;23 it may be due to reflex mechanisms from chemoreceptor stimulation.
The end tidal Pco2 was unchanged throughout this study. This is in keeping with the results ofprevious work, in which the Paco2 has usually not altered until the Pao2 is below 8-0 kPa or less than 90% saturated.23 24 In conclusion, we have shown that when subjects are given fenoterol under conditions of hypoxaemia there are additive electrocardiographic and chronotropic effects. The relation between these changes and the increased risk of death identified with fenoterol remains to be determined.
